Effects of serine mutations in transmembrane domain 7 of the human norepinephrine transporter on substrate binding and transport.
Two serine residues in the beta-adrenergic receptor (beta-AR) have been proposed to form hydrogen bonds with the catechol moiety of the ligand and contribute to the activation of the receptor. These conserved serine residues in the dopamine (DA) and norepinephrine transporters (DAT and NET, respectively) have also been shown to affect substrate transport in the rat DAT. In the present work, hydrogen bonding interactions between the corresponding serine residues in the human NET (hNET), 354 and 357, and the hydroxyl groups on the substrate were systematically evaluated by examining the transport and binding properties of DA and several single hydroxyl analogues of DA at wild-type and serine-to-alanine-substituted transporters. A comparison of [3H]nisoxetine binding at the serine 354 mutant, in which K(D) increased 70-fold from the wild-type value, with the binding of DA, m-tyramine (m-TYR), and p-tyramine (p-TYR) at mutant 354, where the increase in Ki was less dramatic, revealed that serine 354 is more influential in inhibitor than substrate binding. The binding of m-TYR and p-TYR at the serine 354 and serine 357 mutants did not show a direct interaction between one serine and one substrate catechol hydroxyl group. DA, m-TYR, and p-TYR binding affinity did not deviate from the wild-type value at the serine 357 and double mutant transporters. At these two transporters, however, the Km of DA uptake increased, suggesting that the roles of serine 357 and serine 354 in substrate transport are different from their roles in binding. The K'm for induced efflux of DA decreased at the serine 357 mutant compared with the wild-type, whereas the K'm at the serine 354 mutant was the same as that of the wild-type. Further investigation of the role of substrate hydroxyls in the transport process revealed no difference between the transport of m-TYR or p-TYR, as measured indirectly through their induced efflux of DA, at any of the mutants. Although these serines are influential in inhibitor and substrate binding to the transporter and substrate uptake and efflux, they do not appear to be involved in a direct hydrogen bond interaction with substrate, suggesting that the pattern of distinct hydrogen bonding interactions at the beta-AR does not exist at the hNET.